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The i n v e s t i g a t i o n  of gamma r a d i a t i o n  effects on s i l v e r  e l e c t r o d e s  
a t  60% and 30% states of charge was cont inued dur ing  t h i s  r e p o r t  per iod.  
Wet capac i ty  increases averaging 5% have been observed durinp r ecen t  
i r r a d i a t i o n s  a t  t h e  60% l e v e l  w i t h  a t o t a l  dose of 7 x 10 
A t  30%, n e t  losses of 4% and 15% were found i n  t h e  two runs ,  r e spec t ive ly ,  
When these  resu l t s  are considered with those  of ear l ier  runs,2 it appears  
t h a t  t h e  losses a t  30% may be s i g n i f i c a n t ,  while  t h e  changes a t  60% a r e  
e s s e n t i a l l y  wi th in  t h e  unce r t a in ty  of t h e  measurements. 
7 r ads  ( H  0 ) .  2 
Hydrogen was aga in  evolved during t h e  i r r a d i a t i o n  of silver-cadpiurn c e l l s .  
I n  one run  t w o  s i l v e r  e l ec t rodes  were cycled one aga ins t  t he  o the r  i n  t h e  
absence of cadmium. 
of 1.7: 1. 
Hydropen and oxvpen were then produced i n  a mole r a t i o  
Work with z i n c  e l ec t rodes  was concentrated on t h e  development of a 
r ep roduc ib le  procedure for determinat ion of d ischarge  capaci ty .  
p a r t i a l l y  accomplished by t h e  use  of cellophane-wrapped z i n c  e l ec t rodes  
i n  s t a r v e d - e l e c t r o l y t e  cells. 
o f f e r  a t  least a semiquant i ta t ive  c r i t e r i o n  for t h e  eva lua t ion  of r a d i a t i o n  
ef €e ct s . 
This was 




Batteries i n  space veh ic l e s  m u s t  be able t o  wi ths tand  exposure t o  
cosmic r a y s  and t h e  more i n t e n s e  Van Allen r a d i a t i o n  f i e l d .  
was undertaken t o  e s t a b l i s h  t h e  na tu re  and macrnitude of comparable 
effects induced i n  b a t t e r y  e l ec t rode  systems by Co Famna r a d i a t i o n .  
Earlier phases of t h e  program have emphasized t h e  s tudy  of commercial 
s i l v e r  e l e c t r o d e s  i n  experimental  c e l l s  conta in inp  cadmium counter 
e l e c t r o d e s  and 40% potassium hydroxide e l e c t r o l y t e .  
r e p o r t  per iod ,  t h e  i n v e s t i g a t i o n  of s i l v e r  e l e c t r o d e s  was continued a t  
lower states of charge,  and procedures were developed for t h e  e l e c t r o -  
chemical t e s t i n g  of z i n c  e l e c t r o d e s  i n  a modified regime. 
This work 
60 
1-4 Durinp t h i s  
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I I I . EWER1 MENTAL 
A. CELLS AND ELECTRODES 
The silver-cadmium ce Is conta in ing  40% potassium hydrox e were con- 
s t r u c t e d  wi th  three-compartment po lys tyrene  l i n e r s  and s t a i n l e s s  s t e e l  
o u t e r  cases, as descr ibed  i n  t h e  precedinp r e p o r t  on t h i s  propam. 
The cadmium counter e l e c t r o d e s  were t h e  Eveready R-2 type.  
4 
Experimental s i l v e r - z i n c  ce l l s  were i n v e s t i g a t e d  i n  both flooded 
and s t a r v e d - e l e c t r o l y t e  condi t ions .  The f looded  ce l l s  were prepared i n  
po lys ty rene  con ta ine r s  similar t o  those used f o r  t h e  silver-cadmium runs ,  
except  t h a t  t h e  q u a r t z  frits were a t tached  d i r e c t l y  t o  t h e  z i n c  e l e c t r o d e  
assembly, r a t h e r  than  t o  t h e  polystyrene p a r t i t i o n s .  This cons t ruc t ion  
gave r i g i d i t y  t o  t h e  z i n c  p l a t e ,  which had been found i n  ear l ier  work t o  
d i s i n t e g r a t e  after s e v e r a l  charge-discharFe cvcles. 
e l e c t r o l y t e  ce l l s ,  t h e  inne r  conta iner  was a polys tyrene  o r  po lys tyrene-  
l i n e d  r e c t a n g u l a r  box. 
zinc e l e c t r o d e  assembly, is given  i n  Figure 1. 
I n  t h e  s t a rved-  
A sketch of such a ce l l ,  showing d e t a i l s  of t h e  
The zinc e l e c t r o d e s  were from Yardney Electr ic  Corporation, wi th  t h e  
exception of t h a t  i n  Cell A of Run ZG-7, which was frcm t h e  Electr ic  
S t o r a g e  Ba t t e ry  Company. 
heavy layer of porous z inc  mounted on each s i d e  of a copper f o i l  backing. 
The Electric Storage  B a t t e r y  type  had a smaller amount of z i n c  powder 
p e r  u n i t  area p res sed  on to  an  exposed double Krid c o n s i s t i n g  of zinc 
and s i l v e r  sc reens .  
The Yardney z i n c  e l e c t r o d e s  had a r e l a t i v e l y  
The Yardney type was p r e f e r r e d  f o r  its mechanic31 
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FIGURE 1. STARVED-ELECTROLYTE SILVEF-ZINC CELL 
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I 
s t a b i l i t y  when handled i n  the  small s e c t i o n s  t h a t  were needed for  t h e  
experimental  cells. 
To r e t a r d  t h e  growth of z i n c  dendr i t e s ,  t h e  z i n c  e l e c t r o d e  was s e a l e d  
i n t o  an  envelope of Pudo 193 b a t t e r y  grade g lycer ine- f ree  cellophane. Then, 
as shown i n  Figure 1, t h e  cellophane-sealed p l a t e  was cemented i n t o  p o s i t i o n  
between c lo th - l ined  q u a r t z  frits by t h e  a p p l i c a t i o n  of a polystyrene- 
carbon t e t r a c h l o r i d e  s o l u t i o n  around t h e  per imeter  of t h e  frits. The 
c l o t h  padding was t h a t  removed from t h e  R-2 c e l l s .  I n  t h e  s t a rved  cells ,  
similar c l o t h  l a y e r s  w e r e  p laced aua ins t  t h e  s i l v e r  e l ec t rodes ,  and addi- 
t i o n a l  e l e c t r o l y t e  
ce l l  conta iner .  
without  wrappinp, i n  t h e  o u t e r  cell compartments, and t h e  e n t i r e  c e l l  l i n e r  
w a s  f i l l e d  with e l e c t r o l y t e .  I n  a l l  of t h e  z inc  cells, the  e l e c t r o l y t e  
was 40% potassium hydroxide t h a t  had been previous ly  s a t u r a t e d  with z inc  
oxide.  
was contained i n  t h e  polys tyrene  sponge t h a t  l i n e d  t h e  
In  t h e  f looded c e l l s ,  t h e  s i l v e r  e l e c t r o d e s  were placed,  
Mercury-mercuric oxide r e fe rence  e l e c t r o d e s  were used i n  some of t h e  
z i n c  cells. With t h e  s t a rved-e l ec t ro ly t e  design,  t h e  r e fe rence  h a l f - c e l l  
was placed i n  a corner  of t h e  r ec t angu la r  conta iner .  Adequate e l e c t r i c a l  
con tac t  occurred through the  w e t  padding mater ia l .  
B ELECTRICAL CIRCUITS 
The equipment for automatic  cyc l ing  and measurement of d i scharpe  
capac i ty  was descr ibed,  with modif icat ions,  i n  the  preceding r e p o r t .  
No changes were made in t h e  instrumentat ion dur ing  t h i s  r e p o r t  per iod.  
4 
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C. GANMA R A D I A T I O N  SOURCES 
I r r a d i a t i o n s  were performed i n  t h e  l o 6  r a d  (H20)/hr Co60 source a t  t h e  
North American Aviat ion Science Center,  
gamma source  loca ted  a t  Atomics I n t e r n a t i o n a l  w i l l  be descr ibed  i n  t h e  f i n a l  
r e p o r t  , 
Subsequent work i n  t h e  l a r re r  
D. PROCEDURES 
Procedures for t h e  precondi t ion ing  and t e s t i n g  of silver-cadmium cel ls  
with d i scha ree  capac i ty  l i m i t e d  by t h e  s i l v e r  e l e c t r o d e  have been descr ibed  
i n  detail prev ious ly .  
summarized i n  Table I. 
same way, wi th  cvc l ing  a t  9 0 s 9 5 ’ 1 0  i n  t h e  precondi t ion ing  stace. 
4 Conditions employed i n  t h i s  r e p o r t  per iod  are 
Runs CG-31, CG-32, and CG-34 were made i n  the  
Run CG-33 involved two s i l v e r  e l ec t rodes  which were prepared and 
cha rac t e r i zed  with respect t o  d i scha ree  capac i ty  by measurement i n  
s e p a r a t e  cells, fol lowing t h e  usual  sequence, The two s i l v e r  e l e c t r o d e s  
were then  removed and placed i n  a s i n g l e  c e l l  for cyc l ing  one a g a i n s t  t h e  
o t h e r  dur ing  t h e  i r r a d i a t i o n  s tage .  
r e tu rned  t o  t h e  s e p a r a t e  cells containing cadmium counter  e l ec t rodes  
for t h e  measurement of p o s t - i r r a d i a t i o n  capaci ty .  
performed p r imar i ly  t o  determine which gases  were evolved i n  t h e  absence 
of an  active metal anode such as  cadmium, 
Following i r r a d i a t i o n ,  t hey  were 
This experiment was 
The s i l v e r - z i n c  cells were examined i n  most ins tances  by a p p l i c a t i o n  
of a cons tan t  current d e n s i t y  of approximately 7.2 ma/cm2 on t h e  z inc  
e l e c t r o d e ,  This is t h e  value t h a t  h a s  been used i n  r e c e n t  s i l v e r  e l ec t rode  
s t u d i e s  i n  t h i s  p r o ~ a m . ~ ’ ~  Cycling times up t o  24 hours were employed 
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i n  e f f o r t s  t o  e s t a b l i s h  a reproducib le  procedure f o r  t e s t i n g  purposes. 
I t  was found t h a t  automatic capac i ty  measurement with extended overcharce 
was no t  a p p l i c a b l e  t o  z i n c  electrodes because of damage t o  t h e  cellophane 
enveloDes t h a t  occur red  on hydrogen evo lu t ion .  The charpe and d ischarpe  
c u r r e n t s  were t h e r e f o r e  app l i ed  by manual swi tch ing  imrrediately aqter 
t h e  corresponding t r a n s i t i o n s  were observed. 
it would no t  be  f e a s i b l e  t o  determine material losses f o r  t ne  z i n c  
e l e c t r o d e s ,  
i n  Table VII. 
With t h e  sea l ed  cons t ruc t ion ,  
Experimental condi t ions  for t h e  z i n c  runs  are i n d i c a t e d  
AI-66-186 
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IV. RESULTS AND DISCUSSION 
A. SILVER ELECTRODES 
Capacity d a t a  f o r  s i l v e r  e l ec t rodes  i n  i r r a d i a t e d  and c o n t r o l  c e l l s  
a t  30% and 60% s t a t e s  of charRe are Riven i n  Table 11. Table 111 summarizes 
these and other r e e e z t  runs  on s i l v e r  e l e c t r o d e s ,  The ce l l s  i r r a d i a t e d  
a t  608 showed an averape n e t  capac i ty  e a i n  of 5%. while  t h e  two ce l l s  a t  
30% l o s t  4% and 15%, r e spec t ive ly .  
work on t h i s  program l o s t  an averaEe of 1 7 %  i n  capac i ty ,  while  those  
i r r a d i a t e d  a t  60% showed a loss of 5%. Most of t h e  l o s s e s  a t  30% a r e  
p r e a t  enough t o  be ou t s ide  t h e  unce r t a in ty  of measurement and mv i n d i c a t e  
a s i p n i f i c a n t  r a d i a t i o n  effect  a s soc ia t ed  with t h e  lower oxide.  Since 
Run C G - 3 3  involved t h e  t r a n s f e r  of s i l v e r  e l ec t rodes  t o  a new c e l l  €or 
t h e  i r r a d i a t i o n  s t e p ,  t h e  capac i ty  changes are not  d i r e c t l y  compilrable 
t o  those  of o t h e r  60% runs.  
Cells i r r a d i a t e d  a t  30% i n  e a r l i e r  
Gas analyses ,  r epor t ed  i n  Table IV, again  showed s u b s t a n t i a l  amounts 
of hvdropen i n  t h e  i r r a d i a t e d  cells ,  with t h e  except ion  of t h a t  i n  Run 
CG-31, The reason f o r  invers ion  of hydroEen and oxygen percentages i n  
t h i s  run  is not obvious. 
had two s i l v e r  e l ec t rodes  b u t  no cadnium, contained hydrogen and oxygen 
i n  a mole r a t i o  of 1.7:l .  
has  usua l ly  been found i n  silver-cadmium cells.  
expected when no a c t i v e  metal such as cadmium is present  t o  reduce t h e  
hydroxyl  r a d i c a l s  formed by r a d i o l y s i s  of water. 
The i r r a d i a t e d  c e l l  i n  R u n  CG-33, which 
This  i s  a h ighe r  propor t ion  of oxygen than  





Sol ids  l o s s e s  f o r  t h e  s i l v e r  and cadmium e l e c t r o d e  compartments are  
r epor t ed  i n  Tables V and V I ,  r e spec t ive ly .  The s i l v e r  compartment l o s s e s  a t  
30% and 60% were much smaller than those  observed i n  e a r l i e r  i r r a d i a t i o n s  a t  
90% (d i s r ega rd ing  a c c i d e n t a l  mechanical l o s s e s  i n  R u n  CG-33) . Earl ier  
s i l v e r  l o s s e s  a t  60% were s l i g h t l y  h igher  than  those  found here .  
p re sen t  cadmium e l e c t r o d e  l o s s e s  of 6 t o  8 mg are wi th in  the  range 
previous ly  observed for R-2 e lec t rodes .  Yaterial l o s s  data  w i l l  be  t r e a t e d  
more f u l l y  i n  t h e  f i n a l  r e p o r t .  
4 
The 
B e  Z I N C  ELECTRODES 
The work with z i n c  e l ec t rodes  was done t o  e s t a b l i s h  a reproducib le  
e lec t rochemica l  c r i t e r i o n  as a prel iminary t o  t h e  inves t iga t ion  of r a d i a t i o n  
effects. E a r l i e r  experiments had shown t h e  i n s t a b i l i t y  of unwrapped z i n c  
I e l e c t r o d e s  i n  f looded ce l l s  on repeated cycl ing.  The present  series of 
runs was t h e r e f o r e  made with wrapped e lec t rodes  of the  cons t ruc t ions  descr ibed 
i n  t h e  Experimental s e c t i o n .  
Some q u a l i t a t i v e  observa t ions  are noted i n  T a b l e  VII. No overcharge 
t r a n s i t i o n  was observed i n  t h e  flooded condi t ion ,  d e s p i t e  t h e  cel lophane 
wrappinR. 
ion i n  t h e  e l e c t r o l y t e  continued u n t i l  t h e  seal  between the  frits was broken. 
More s a t i s f a c t o r y  r e s u l t s  were obtained i n  t h e  s t a rved  c e l l s  of Runs ZC-8 
t o  ZG-10. A r e p r e s e n t a t i v e  p a i r  of charging curves is shown i n  Figure 2, 
where it is c l e a r l y  demonstrated t h a t  t h e  t r a n s i t i o n  a t  p o s i t i o n  ( d )  is 
a c h a r a c t e r i s t i c  of t h e  z i n c  e l ec t rode  system and not  t h e  s i l v e r .  This 
rise i n  p o t e n t i a l  siEnals t h e  onset  of hydropen evolu t ion  t h a t  occurs  upon 
dep le t ion  of t h e  z i n c a t e  ion  i n  the v i c i n i t y  o f  t h e  e lec t rode .  
On prolonRed charEing, t h e  depos i t i on  of z i n c  from excess  z i n c a t e  
A t  p o s i t i o n  
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( h ) ,  a well-defined d ischarge  t r a n s i t i o n  for t h e  d e p l e t i o n  of usable  z i n c  
metal is seen. 
complete charpe-discharge cyc les  f o r  t h e  purpose of capac i ty  measurements 
With t h i s  behavior,  it was f e a s i b l e  t o  apply a series of 
I 
t 
Discharge capac i ty  d a t a  for  t h r e e  z i n c  e l e c t r o d e s  a r e  piven i n  Table 
VIII. Within t h e  sets of consecutive cyc les ,  t h e  r e p r o d u c i b i l i t y  is 2 2  t o  
- 6%. Pre l iminary  cycles y i e l d i n g  very low c a p a c i t i e s ,  such as Cvcle 1 i n  
R u n  ZG-10, were d is regarded  i n  eva lua t ing  t h e  averages.  This i n i t i a l  low 
capac i ty ,  which d isappeared  after s e v e r a l  hours,  appa ren t ly  was caused by 
slow passage of t h e  e l e c t r o l y t e  through t h e  cellophane envelope. ChanEes 
of the o r d e r  of 10 t o  20% occurred whi le  t h e  cel ls  s tood  on open c i r c u i t ,  
as between Cycles 2 and 3 of Run ZG-10. A more pronounced capac i ty  chanFe was 
observed a f t e r  24-hour cyc l ing  a t  90-95% i n  Run ZG-8. 
e l e c t r o d e  capac i ty  decreased 28% i n  t h i s  i f s t a n c e .  
r e s u l t s ,  t h e  z i n c  d ischarge  capac i ty  i s  expected t o  y i e l d  information on 
r a d i a t i o n  effects which w i l l  be  of somewhat lower p r e c i s i o n  than t h a t  i n  
recent work on s i l v e r  e l e c t r o d e s .  
2 The z i n c  
On t h e  b a s i s  of t h e s e  
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V, PLANS FOR FIJTURE WORK 
Future  work w i l l  be concentrated on t h e  i r r a d i a t i o n  of z i n c  e l e c t r o d e  
systems and on t h e  s tudy  of s i l v e r  e l e c t r o 6 e  behavior  a t  h igher  r a d i a t i o n  
doses and dose rates. 
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